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INTRODUCTION

by

Charles L. Rice

A diverse succession of largely Middle
Pennsylvanian rocks that unconformably
overlie Mississippian strata is exposed in both
southeastern Ohio and northeastern Kentucky.
This field guidebook is intended to illustrate the
mixed sequences of coal-bearing continental,
estuarine, and marginal marine strata of Early
to Middle Pennsylvanian age that interfinger
along the northwest margin of the Appalachian
basin. The main purpose of this field trip is to
compare sections of (1) basal Pottsville strata
newly exposed in roadcuts of U.S. Highway 35
near Jackson, Ohio (Stops 1-3, see Index
Map), and (2) a section of basal Allegheny
strata exposed in coal-, limestone-, and clay-
stripping operations in the area east of
Jackson (Stop 4), with equally well exposed
roadcut sections of the same stratigraphic
sequences in southeastern Ohio (Stop 7) and
in the Breathitt Formation of northeastern
Kentucky (Stops 5, 6, 8, 9, and 10).

Correlation of largely Middle Pennsylvanian
units of the central Appalachian basin between
the northern part (Ohio and Pennsylvania) and
the central part (Kentucky, West Virginia, and
Virginia) has been hampered not only by the
use of completely different schemes of
regional nomenclature, but by differences of
lithofacies and interval thicknesses, by regional
miscorrelations, and perhaps by unperceived
disconformities in dense geologic sections. In
the tri-State area of Kentucky, West Virginia,
and Ohio, Phalen (1912) divided these strata
into the Pottsville and Allegheny Formations,
but his description of the section was so vague
that continued use of those terms was long
ago abandoned in Kentucky. For example,
Phalen (1912) defined the base of the
Allegheny Formation as it is in its type area in
Pennsylvania as the top of the Homewood
sandstone or as the base of the overlying
Brookville coal bed. Type sections for both the
sandstone and the coal bed are in western
Pennsylvania. The Homewood cannot be

traced from Pennsylvania and cannot be
distinguished from among the many thick
sandstone units in the tri-State area nor can
the Brookville be distinguished from several
coal beds there. It now seems doubtful that
those Pennsylvanian units even extend into
the tri-State area. In southeastern Ohio, Stout
(1916), following Phalen’s definition, initially
placed the base of the Allegheny Formation at
the base of the so-called "Brookville" coal bed
of Ohio; unfortunately, this probably was the
Winters coal, probably more than 10 m (33 ft)
and several coals higher in the section. Stout
(1927) briefly noted this error 11 years later,
which had already affected the mapping,
nomenclature, and correlations in five counties
in southern Ohio.

Only one Middle Pennsylvanian strati-
graphic term introduced by Phalen (1912) in
the Kenova area has continued to be used--the
“Vanport" limestone--and that unit also now
appears to have been miscorrelated from its
type section in western Pennsylvania.
Wanless (1939, 1975) also made several
attempts to unify the stratigraphy of the various
regions of the Appalachian basin primarily by
correlating extensive Pennsylvanian marine
units. Unfortunately, at that time he had little
useful paleontological information; thus, most
of his correlations were slightly more than
educated guesses, most of which are incorrect.

Despite the long history of mapping in the
Ohio-Kentucky border area, much of the data
are obsolete, mostly because of miscorrelation
and nomenclature problems. Our reconnais-
sance has thus far shown that only three com-
mon stratigraphic units can be consistently
identified between the two areas: the mis-
named limestone unit previously called
Vanport (called Obryan limestone in this
report) and two clay units that are differently
named in the two States, Sciotoville (Ohio)-
Olive Hill (Ky.) flint clays, and the Lawrence
(Ohio)-Hitchins (Ky.) clay beds (see Chart 1).
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CHART 1. Correlation chart of major and minor stratigraphic units in rocks of Pottsville and early Allegheny age
between southern Ohio and northeastern and southeastern Kentucky. Palynology of coal beds for southern Ohio
and Kentucky is from recent unpublished work of Robert M. Kosanke (U.S. Geological Survey, Denver, CO,
written commun., 1992); palynology of the coal beds in the Gregoryville section at Stop 9 is by Cortland Eble.
The Boggs limestone has been identified only in central Ohio, but is included here because it contains the
earliest occurrence of fusulinids in Ohio and is a correlative of the Stoney Fork Member of the Breathitt Formation

in Kentucky.

The numerous coal beds, particularly in the
lower part of the Pennsylvanian section, are
commonly discontinuous; due to poor
exposures, identifiable stratigraphic sequences
are very difficult to correlate from place to
place.

The new roadcuts north and east of
Jackson, Ohio, are remarkable because they
expose the entire section from the basal
Pottsville "Sharon" conglomerate to the
sandstone overlying the Lower Mercer coal
bed; thus, it is possible to identify all of Stout’s
(1916) named units and study the intervening
sequences. |n northeastern Kentucky, where
the rocks have been mapped at a scale of

1:24,000, coal beds in the lower 30 m (100 ft)
of the Pennsylvanian are generally too thin and
discontinuous to be mapped, or otherwise
identified. Well-exposed (some new) roadcuts
now provide the opportunity to compare these
strata and to develop a more coherent idea of
the distribution of units in the basal part of the
Pennsylvanian and their depositional environ-
ments. Resolving stratigraphic correlations be-
tween these widely separated areas, however,
will require careful analysis of both the fauna
of marine zones and the palynology of the coal
beds and associated strata. Unfortunately, we
have only begun to look at the paleontology of
these units in detail.



Chart 1 is a diagram showing the most
significant of the Lower and Middle Penn-
sylvanian stratigraphic units and tentative
correlations between southern Ohio and
northeastern and southeastern Kentucky.
Analyses of the palynology of the coal beds in

the Jackson bypass roadcuts on U.S. Highway -

35 by R.M. Kosanke (written commun., 1992)
help resolve some of the problems of
correlation between sections of similar age but
vastly different thicknesses. Thus, while the
palynomorph Schulzospora rara-Laevigatospor-
ites overlap zone is well developed in southern
Ohio and southeastern Kentucky, it may not be
present in northeasternmost Kentucky or
southeasternmost Ohio because no coal beds
have been identified in this zone in those
areas. On the other hand, only the two coal
beds of the Bear Run coal zone occupy the
interval between the top of the overlap zone
and the earliest occurrence or base of the
palynomorph Radiizonates sp. range zone. In
northeastern Kentucky, however, many coal
beds and marine units occur within the latter
interval, and in southeastern Kentucky this
interval contains more than a dozen major coal
zones and as many as eight marine units. The
Boggs limestone of Ohio and the Stoney Fork
Member of the Breathitt Formation are
correlated on the basis of the fusulinids they
contain (Douglass, 1987); the Main Block ore
of northeastern Kentucky contains marine
fossils and, on that basis and its apparent
stratigraphic position, it is projected to
correlate with those units. The Lower and
Upper Mercer limestones of Ohio, which are
important elements in Wanless’ (1939, 1975)
proposed basin-wide correlations, apparently
have no known correlatives in Kentucky, West
Virginia, or Virginia (Chart 1).

Most coal beds in the Jackson, Ohio,
sections are overlain by brackish-water or
marine units. Perhaps the most marine of
these units is that above the No. 2
("Quakertown") coal, which has not been
previously identified. Although many shales
and sandstones in the lower part of the
Pennsylvanian sections show the infiuence of

3

marine water in both Kentucky and Ohio, none
have yet been traced between the isolated
exposures. Absence of part of the section due
to channeling and abrupt lateral facies
changes makes tracing of units difficult
between closely related outcrops or even
within the same exposure. A major
disconformity related to the marine unit (units?,
see text for Stop 3) above the No. 2
("Quakertown") coal bed appears to truncate
the coal at the southernmost exposures of
Stop 3 east of Jackson. The No. 2 coal has
not been reported south of that point, but how
much and what part of the section is missing
is unknown. Seat rocks are well developed
below the Bear Run, Vandusen, and Lower
Mercer coal beds, but we need more data on
the palynology of the coal beds and
intervening strata to known where specific coal
beds fit in the thick Pennsylvanian sections of
southeastern Ken-tucky and where major parts
of the strati-graphic section may be missing.

Of particular interest is the regional
continuity of the clay units as recognizable
stratigraphic marker beds. These units
commonly consist of a mixture of plastic (illitic)
and flint (relatively pure, well-crystallized
kaolinite) clay beds. The Olive Hill flint clay
commonly occurs at or near the base of the
Pennsylvanian in northeastern Kentucky, but
its correlative in Ohio, the Sciotoville flint clay,
commonly is above the base of the
Pennsylivanian, particularly in the paleovalleys
occupied by the "Sharon" conglomerate or
sandstone. It is possible that these flint clays
may represent altered deposits of reworked
volcanic ash concentrated in backwater areas
of a coastal plain. Reworking of the ash
deposits and the addition of other detritus
might dilute the small number of volcanic
phenocrysts present and make positive
identification of the original source difficult or
impossible. Such a scenario might help to
explain the geometry of the flint clay deposits
and their close association with deposits of
semifiint and plastic clay.

The Lawrence and Hitchins clay beds are
easily recognized in southeastern Ohio and
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northeastern Kentucky because of their
proximity to the Obryan limestone, which is
commonly a few meters below the clay beds or
locally occurs as limestone nodules in the clay
beds near the pinchout of the Obryan. The
flint clay beds help to make that part of the
section a distinctive stratigraphic unit that can
be recognized and mapped. The Lawrence
and Hitchins flint clays contain volcanic pheno-
crysts such as beta-form quartz, apatite,
zircon, feldspar, and biotite: some of these
clasts are euhedral. The inclusion of detrital
quartz and rock grains in the flint clay deposits
and the number of fiint clay beds and partings
suggest that they represent slightly reworked
volcanic ash falls of perhaps several eruptions.
The origin of quartz arenites has been a
controversial element in Carboniferous
investigations for 20 years or more (Rice and
Schwietering, 1988). The thick sequences of
quartz arenites (locally more the 450 m (1,500
ft)) in the lower part of the Pennsylvanian of
the Appalachian basin commonly have been
cited as evidence of deposition in beach or
barrier-bar environments. The unidirectional
southwest current bedding in these sandstones
was explained as the result of southwestward
migration of tidal channels across the
northwest-facing coastline (Miller, 1974). The
lack of marine fossils in the sandstones was
explained by rapid leaching of calcareous
material prior to lithification of the sand. The
idea that the quartz arenites were marine in
origin was attractive and difficult top refute,
particularly as the arenites generally were
given a regional or cratonic setting (Ferm,
1974). However, wherever detailed studies of
these thick sandstones have been made, the
inevitable conclusion was that they were
deposits of braided streams (see references
listed in Rice and Schwietering, 1988). Our
first stop views one of these conglomeratic
quartz arenites, the "Sharon" conglomerate:
here Ketering summarizes the previous studies
and gives his analysis of this fluvial deposit.
More recently, Englund and Thomas (1990;
see also Cecil and Englund, 1985) have
argued that the Lower Pennsylvanian quartz

arenites were deposited in a high-energy tidal
environment. They attribute the sandstone to
deposition in an Appalachian seaway
postulated to extend from the Atlantic area
onto and across the central part of the area
described in this guidebook.  But most

- paleotectonic maps show that the Atlantic and

epicontinental seas of the North American

craton were separated by a positive orogenic

belt during Pennsylvanian time (for example,

Eardley, 1951). Because of differences in

assemblages, the fauna of the Atlantic area is

generally considered to be distinct from that of
the epicontinental seas and therefore the two
areas are considered to have been isolated
from one another during the Carboniferous
(Raymond et al., 1985). Fur thermore, the
sequences of strata of Pottsville age examined
on the field trip in the Jackson area of Ohio
and in northeastern Kentucky show no
evidence of any such geomorphic or
sedimentary feature. On the contrary, with the
exception of the "Sharon" conglomerate, most
of the sedimentary sequences are low-energy
deposits and are thin and laterally discon-
tinuous. Our last stop will view a thick
sequence of estuarine tidal rhythmites, the
westernmost marine deposits in this

Appalachian outcrop belt. The remarkable

completeness of the tidal cycles over a period

of many years suggests a rather benign tidal
environment, at least during that part of the

Pennsylvanian.
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STOP 1: BASAL PENNSYLVANIAN SANDSTONES AND CONGLOMERATES
NORTH OF JACKSON, OHIO

by

Charles L. Ketering, Jr.

The basal strata of the Lower Pennsylvanian
Pottsville Group in southeastern Ohio are
supermature quartzose sandstones and con-
glomerates. Petrographically and stratigraphic-
ally these rocks resemble the Sharon conglo-
merate of northeastern Ohio and western
Pennsylvania; thus, they have also been iden-
tified from the earliest investigations as Sharon
conglomerate. However, this unit in south-
eastern Ohio is areally restricted and is not
continuously traceable into the Sharon to the
north. Therefore, the supermature quartz
arenites and conglomerates of southeastern
Ohio are here referred to as "Sharon"
conglomerate.

In the area of Jackson, Ohio, the "Sharon"
conglomerate unconformably overlies the
Mississippian Logan Formation with a relief of
as much as 90 m (300 ft). At Stop 1 the
unconformity has a local relief of perhaps as
much as 7 m (23 ft), and the "Sharon"
conglomerate, which consists primarily of
sandstone, appears to occupy deep gullies cut
into the underlying Logan Formation. Just
above the sandstone is the Sharon coal, here
overlain by a brackish-water to marine shale.
Crossbeds are commonly defined by small
quartz pebbles and hematite concentrations.
South of this location, the "Sharon" is thicker
and dominantly conglomeratic where it
accumulated in the low areas of the dissected
Mississippian surface. These stratigraphic and
petrographic characteristics can be traced into
the subsurface (Ketering, 1984).

Petrology

The "Sharon" is a supermature, fine- to
coarse-grained quartz arenite and conglom-
erate. On fresh surfaces the "Sharon" con-
glomerate is white, buff, or yellow, and weath-
ers to a dull brown or orange. The for-mation
contains varying amounts of iron oxides

ranging from iron stain on individual grains to
massive hematite bands (up to several centi-
meters thick); iron oxide concretions are very
rare. The hematite bands are purple to red-
brown. Cements may be either hematite or
clay. Where clay is the dominant cement, the
rock is very friable and readily disaggregates
when rubbed between the fingers. Conversely,
where hematite is dominant, the rock is very
well indurated. Sand grains in the "Sharon"
are subangular to subrounded with abraded
quartz overgrowths (Weiss, 1951). Minera-
logically, the "Sharon" is 96 to 99 percent
quartz, with minor amounts of feldspar and
heavy minerals, including zircon, tourmaline,
rutile, magnetite, and ilmenite.

Two distinct lithofacies are recognizable
within the "Sharon," an upper, predominantly
sandstone, and a lower, mainly pebble
conglomerate. The contact between the two is
abrupt, and the upper facies contains only
scattered quartz pebbles. The lower facies
contains abundant, rounded quartz pebbles in
a coarse sandstone matrix and generally
grades laterally into coarse sandstone.
Imbrication is rare because of pebble
sphericity and roundness. Couchot (1972)
analyzed the texture of the two lithologies
from outcrops in Jackson County, Ohio. His
findings for the upper facies (in Folk and Ward
measures) show a range of graphic means
from 0.125 mm (fine sand) to 0.39 mm
(medium sand), with an average graphic mean
of 0.205 mm (fine sand). Sorting ranges from
0.44 ¢ to 0.76 ¢, with a mean of 0.64 ¢
(moderately well sorted). Couchot (1972)
mapped these data and found that areas with
well-sorted rocks are flanked by areas with
poorer sorting. Average skewness is -0.2
(negatively skewed), indicating a statistical
excess of coarse material, and kurtosis



averages 1.5 (leptokurtic: less tail sorting).

Couchot (1972) also found that the sand-
stone matrix of the lower facies differs marked-
ly from the sand size of the upper facies. For
the matrix of the lower facies, the graphic
mean averages 0.53 mm (coarse sand), with
a range from 0.205 mm (fine sand) to 4.9 mm
(pebble). Smaller values always flank larger
values. Sorting ranges from 0.81 ¢ (moder-
ately sorted) t0 0.16 ¢ (very well sorted), with
an average of 0.74 ¢ (moderately sorted).
Areas of poorly sorted sediments always flank
areas with better sorted material. Average
skewness is -0.1 (negatively skewed; coarse in
excess), and kurtosis averages 1.2 (leptokurtic:
tails less sorted). Couchot noted that the two
facies are similar petrographically, but very
different texturally. All values, both averages
and ranges, are smaller in the upper
sandstone, and this difference is attributable to
a decrease in transport ability and less
channel confinement compared to the lower
conglomerate (matrix).

Discussion

Previous researchers have consistently
reported the presence of a Mississippian-
Pennsylvanian disconformity at the base of the
"Sharon" (Weiss, 1951; Jessup, 1951; Hyde,
1953; Fuller, 1955; Couchot, 1972; Shor,
1978; Bebel, 1982). These same researchers
repeatedly report a lithologic change from the
lower, conglomerate facies to the upper,
sandstone facies as the formation overlaps
progressively higher topography. Pebbles are
scarce and a slightly finer sandstone pre-
dominates in the upper facies.

In northwestern Jackson County, Weiss
(1951), Hyde (1953), Couchot (1972), and
Bebel (1982) documented the presence of a
paleovalley system, filled by the conglomerates
and sandstones of the "Sharon.” Jessup
(1951) documented the continuation of this
valley into Pike County, Ohio. A paleoto-
pographic high is indicated south of this area
(Couchot, 1972, Fig. 9; Bebel, 1982, Fig. 15).
The crest part of this paleotopographic high is
exposed in Section 9 of Scioto Township about
9.6 km (6 mi) west-southwest of Jackson, Ohio
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(Fig. 1.1A). In this region, the upper members
of the Lower Mississippian Logan Formation
crop out and are surrounded by "Sharon"
deposits to the north and south. South of this
area at progressively lower elevations, the
outcrops of "Sharon" become more conglo-
meratic. This paleohigh extends eastward into
the subsurface and has been defined by water
well logs in Lick Township about 4.8 km (3 mi)
south-southwest of Jackson.

Couchot (1972) and Bebel (1982) have
demonstrated the unimodal character of the
paleocurrents of both facies within the
“Sharon." In northwestern Jackson County,
the mean direction has an azimuth of 281.5°
(Bebel, 1982). Couchot's (1972, Figs. 10 and
11) findings are generally similar, but include
some southwesterly trending paleocurrents in
the northwestern part of the county and
adjacent parts of Pike and Ross Counties to
the west. Couchot also reported southwesterly
trending paleocurrents in southern Jackson
County.

All previous studies of the "Sharon," except
that of Stout (1916), attribute it to deposition in
a fluvial environment. Weiss (1951) concluded
that the source was southeast of Jackson
Township. Couchot (1972) interpreted the
“Sharon" as the deposit of east to west
aggrading streams. Bebel (1982) concluded
that the "Sharon" was deposited by braided
streams, followed by a meandering stream
phase after loss of stream restriction. Data
from the shallow subsurface area immediately
east of the outcrop area are relatively poor.
Data points are abundant but lack sufficient
detail to clearly outline the geometry of the
"Sharon." Most logs record a "sand rock"
within the predicted "Sharon" interval. Isolated
logs indicate the presence of a “silicic
sandstone with gravel." The logs provide the
best evidence available that the "Sharon"
continues into the shallow subsurface with the
same composition as in the outcrop.

The paleotopographic high in west-central
Jackson County (Fig. 1.1A) divides the study
area into the two regions of diverging
paleocurrents seen in outcrop. This paleohigh
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FIGURE 1.2. Comparison of gamma-ray
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of deep subsurface (see Fig. 1.1B). Note
differences in elevation of systemic
disconformity between the two logs.
Gamma-ray intensity increases to the right.

is interpreted to be an erosional remnant within
the paleovalley that diverted part of the flow to
the southwest. Similar paleocurrent directions
occur in Pike County (Couchot, 1972),
indicating that northwest flow north of the
paleohigh also eventually turns to the
southwest. These paleocurrents appear to
indicate that the northern flow rejoined the
southwest-trending flow and continued into
Scioto County, where south-trending paleocur-
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rents occur (Stout, 1916; Short, 1978). These
conclusions are in substantial agreement with
conclusions of Rice (1984) and Rice and
Schwietering (1988).

Figure 1.1A is a paleogeologic map
illustrating the regional extent of the "Sharon”
conglomerate in Ohio and the gross distri-
bution of sub-Pennsylvanian Mississippian
formations in the study area. Data from
Ketering (1984) and from Uttley (1974) were
used to locate the Logan-Maxville contact.
The Logan-"Sharon" contact is generalized
from previous studies (Couchot, 1972; Uttley,
1974), oil and gas well logs, and water well
data. Of special interest are (1) the extension
of a paleovalley (occupied by the Pennsyl-
vanian "Sharon" conglomerate) into West
Virginia and (2) a southern paleotributary
within a reentrant in the Upper Mississippian
Maxville Limestone (Greenbrier Limestone, in
West Virginia). The limestone highland in
eastern Ohio and western West Virginia
corresponds to Rice's (1984) ‘“carbonate
cuesta," which supposedly influenced regional
fluvial deposition during the Early Penn-
sylvanian. In Rutiand Township and farther to
the northwest, Uttley (1974) identified num-
erous limestone outliers that may have existed
as highlands during the time of deposition of
the "Sharon."

The paleogeography of the subsurface area
has been reconstructed from available data,
predominantly gamma-ray and neutron logs,
which are unevenly distributed across the
study area (see Fig. 1.1B). The most striking
aspect of the data in northern Gallia County is
the significant change in the character of
geophysical logs from west to east. In the
western part of the area, drill log data suggest
that quartz-rich "Sharon" deposits occur above
undifferentiated Mississippian (Logan and
Cuyahoga) sandstones. In the eastern part of
the area, however, Maxville Limestone occurs
directly above the Logan Formation, and no
trace of the typical "Sharon" gamma-ray
signature is found in the geophysical logs.
Figure 1.2 illustrates the difficulty of identifying
the rock units between widely spaced gamma-
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ray logs. Figure 1.2A shows a gamma-ray log
from Raccoon Township (Gallia County),

where the "Sharon” abruptly overlies a
sandstone with a slightly higher response
(intensity increases to the right), which, in tum,
overlies the thick (undifferentiated) Logan/
Cuyahoga sandstone sequence. Figure 1.2B
shows a gamma-ray log from Addison
Township (Gallia County) where the Maxuville
Limestone and the upper part of the Logan
Formation occupy the same stratigraphic
position as the "Sharon" in Figure 1.2A. The
Maxville is overlain by thin Pennsylvanian
sandstones and shales of varying gamma-ray
responses. Figure 1.3 is a section that
intersects a north-trending tributary to a
paleovalley, here designated the Jackson-
Gallipolis paleovalley (see Fig. 1.1). The

section crosses the southern part of Raccoon
Township and shows the correlation of
Mississippian and Pennsylvanian subsurface
units in the western part of Gallia County. The
“Sharon" is progressively thicker eastward of
well 599, and eventually cuts through the
underlying unit until it rests directly on the
Logan/Cuyahoga sequence shown in well 296.
Farther east, the "Sharon" again decreases in
thickness as the eastern side of the tributary is
reached.

Figure 1.1B depicts the sub-Pennsylvanian
surface in the eastern part of the study area by
contouring the stratigraphic interval between
the top of the Berea Sandstone and the base
of the Pennsylvanian. The paleotopographic
map is dominated by a long, linear valley, the
Jackson-Gallipolis paleovalley, in which the



lower Pennsylvanian sediments accumulated.
Local relief is about 80 m (260 ft), slightly less
than that of the outcrop belt to the west.
South of the valley, the surface is a broad, low
bench. A tributary stream valley is also
inferred as extending toward the south, based
on (1) the presence of relatively thick "Sharon"
deposits in this region, (2) the odd distribution
of contours in the core of the valley (Raccoon
Township), and (3) the presence of a reentrant
in the Maxville Limestone in southern Gallia
County (Uttley, 1974).

The Jackson-Gallipolis paleovalley is inferred
to extend into West Virginia through Gallipolis
Township because drillers’ logs in Green and
Gallipolis Townships indicate the presence of
thick sandstones in the projected "Sharon"
interval. In West Virginia, Flowers (1956) indi-
cated an erosional valley in the Greenbrier
Limestone (Maxville Limestone of Ohio) that
connects with the Jackson-Gallipolis paleo-
valley. Those valleys, which also contain
Pottsville sandstone and conglomerate
(Flowers, 1956), were formed during pre-
Pennsylvanian erosion that removed the
Mauch Chunk Formation from much of western
West Virginia.

The eastern part of the paleotopographic
map (Fig. 1.1B) is dominated by Maxville and
Logan highlands. Maxville Limestone caps the
hills and shows an irregular, eroded surface.
The Logan Formation, and rarely the upper
part of the Logan/Cuyahoga Sandstone, forms
the paleovalley walls. North of the Jackson-
Gallipolis paleovalley, a broad, low, positive
paleofeature composed largely of Logan strata
is inferred about 185 m (600 ft) above datum.
Cross sections constructed with gamma-ray
well logs along the entire boundary between
typical "Sharon" and this highland show a
distinct and rapid thinning of the "Sharon"
northward from the paleovalley.

The paleogeographic relationships identified
by Ketering (1984) agree with the regional
paleodrainage patterns documented by Rice
and Schwietering (1988, Fig. 1). Streams
brought "Sharon" sediments into the area, and
additional material was transported by a
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tributary stream from southern Gallia County
into the Jackson-Gallipolis paleovalley. As the
streams flowed to the northwest, the valley
widened and was split by a Logan highland in
western Jackson County. Paleocurrent data
indicate that the streams fiowed around the hill

and were diverted to the south (Stout, 1916;

Couchot, 1972; Short, 1978; Bebel, 1982).

The Waverly Arch may have been responsible

for diverting the streams to the south (Michael

Hansen, Clark Scheerens, oral communica-

tions, 1984; see also Uttley, 1974). The

streams continued south through Scioto

County (Stout, 1916; Short, 1978), and into

Kentucky (Rice, 1984; Rice and Schwietering,

1988).

Early in the depositional history of the
"Sharon," sedimentation was restricted to the
deepest part of the valley. As these valleys
lows filled with coarse sediment, stream
restriction decreased, the fiows spread laterally
and lost competence, and the streams
changed from a braided to a meandering habit
(Couchot, 1972; Bebel, 1982). This resulted in
changes in both deposition (from conglo-
merates to sandstones) and facies (from
areally restricted to laterally extensive).
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STOP 2: BASAL PENNSYLVANIAN STRATA NEAR JACKSON, OHIO

Ronald L. Martino, Charles L. Rice, and Ernie R. Slucher
(See Index Map and Fig. 2.1 for location.)

Section M1

A regional unconformity is present near the
base of this outcrop (Fig. 2.2) separating the
"Sharon" conglomerate (Early Pennsylvanian)
from the underlying Logan Formation (Early
Mississippian). Here the Logan consists of
greenish-gray, very fine grained sandstone and
mud rocks. Parallel lamination and hummocky
cross-stratification occur within the sand units,
and trace fossils of the deposit feeders
Scalarituba and Helminthopsis are common.
Similar facies characteristics are found in the
Cowbell Member of the Borden Formation
(Logan equivalent) in northeastern Kentucky
and are consistent with a delta front deposi-
tional setting (Chaplin, 1980).

The "Sharon" conglomerate is a fluvial
channel fill containing fine- to coarse-grained
quartz arenite and quartz pebble conglomerate
in the lower 1 m (3.3 ft). Small- to large-scale
crossbeds indicate a paleocurrent toward the
northwest (332° average). Numerous pebble-
lined scour surfaces and internal sedimentary
structures suggest flashy discharge that is
consistent with the braided river interpretation
suggested by previous workers (see Ketering,
this volume).

The Sharon coal zone contains three bony
coal to carbonaceous shale beds 15-40 cm (6-
16 in.) thick separated by very fine grained
sandstone and shale with root traces. The
Sharon coal has been mined about 1.6 km (1
mi) south of this location.

The Sharon coal zone is overlain by inter-
bedded thin dark-gray shale and siderite. Ane-
mone resting burrows (Conostichus) and
Lingula occur at the base of this brackish to
marine coastal bay facies, which apparently
drowned the Sharon coastal swamp. The
regular spacing of siderite beds suggests peri-
odic influx of freshwater into saline water that
may correspond to seasonal increases in
freshwater runoff.

STOP 1
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FIGURE 2.1. Index map showing field trip stops on
U.S. Highway 35 in vicinity of Jackson, Ohio. Sec-
tions M1 through M8 are described in text and were
measured by Martino. Sections D1 and D2 were
measured and are described in text by Dominic.

The bay shales are truncated by about 10
m (33 ft) of burrowed, very fine grained sand-
stone and shale. Quartz pebbles 1-2 cm (3/8-
3/4in.) in diameter are present in the lower 10
cm (4 in.) of this unit. Siderite-cemented
burrows and nodules are common. Burrows of
deposit feeders are abundant including
Teichichnus, Phycodes, Asterosoma, and
Planolites. Lenticular and wavy ripple bedding
is locally preserved. This facies is interpreted
as atidally influenced (estuarine?) channel fill.
Similar estuarine channel-fill facies have been
described from the Breathitt Formation of
eastern Kentucky by Greb and Chesnut (1992)
and Martino and Sanderson (in press).
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FIGURE 2.3. Composite of sections M7 and M8
(see Fig. 2.1 for locations) showing thin-bedded
very fine grained sandstone-shale tidal channel
facies overlying the No. 2 coal bed. Tidal channel
fills are sideritic and burrowed, and some beds
contain brachiopods.

The Anthony is the upper of two coal beds at
the top of this cut; the Sciotoville clay, which
commonly underlies the Anthony coal, is
absent. The two coal beds, 10-12 cm (4-5 in.)
thick, are separated by as much as 2.5 m (8.2
ft) of compound cross-stratified quartz arenite
(indicating flow to the northwest).
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Section M2 (see Figs. 2.1 and 2.2)

The lower part of section M2 is exposed be-
neath and north of the overpass (about 500 m
(1650 ft) southeast of M1) and contains coastal
bay shale and burrowed estuarine channel-fill
facies between the Sharon and Anthony coal
zones. These facies are partially truncated
south of the overpass by a large channel-fill
complex. The Sciotoville clay is a light-gray
flint clay where it underlies the Anthony just
east of and at about road level with the
overpass. Where the Anthony coal passes
under U.S. Highway 35 east of the overpass
(and east of a small fault), the Sciotoville flint
clay is almost black and ranges from 0.5 to 1
m (1.6-3.3 ft) in thickness. Along the north-
bound exit ramp and north of the overpass, the
Anthony coal is partly or entirely truncated
beneath a transgressive sideritic lag containing
coal and underclay rip-ups. The lag is overlain
by 2.7 m (8.9 ft) of dark-gray, sandy, sideritic
shale that grades up into interlaminated very
fine grained sandstone and shale. Burrows
are common including Curvolithus, Teichich-
nus, Planolites, and ?Helminthopsis. Lenticu-
lar ripple bedding and ripple cross-lamination
are common. A restricted, marginal marine
setting is suggested. The trace fossils are
comparable to those found in similar facies in
the Middle Pennsylvanian Kanawha Formation
of West Virginia (Martino, 1989).

This marine-influenced sequence is overlain
by mudrocks, carbonaceous shale, the thin
Huckleberry coal, and the No. 2 ("Quaker-
town") coal zone. This sequence is exposed
along the northbound exit ramp where it is off-
set by a normal fault (or possibly a paleo-
slump). Two coal beds 30 cm (12 in.) thick
are separated by root-mottied sandstone. The
No. 2 coal zone is capped by a cross-
stratified, fluvial channel-fill sandstone at the
top of the cut.

Toward the southeast (M7 and M8, Fig. 2.1)
along U.S. Highway 35, the No. 2 coal zone is
represented by a single bed of bright to
semibright, blocky coal as muchas 1 m (3.3 ft)
thick. As Figure 2.3 shows, the No. 2 coal is
underlain by a crossbedded, multistory
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channel-fill sandstone facies as much as 23 m
(75 ft) thick. Tidal channel fills occur above
the No. 2 coal at M7 and have locally
truncated the coal bed about 4 km (2.5 mi) to
the southeast at Stop 3. At M7, the tidal-
channel facies is as much as 4.3 m (14 ft)
thick and is filled -by thin-bedded, very fine
sandstone and silty shale that is sideritic and
burrowed and has productid brachiopods in
some beds. The bedding is inclined as much
as 11° degrees; the inclination may have been
produced by lateral accretion of a tidal creek
point bar.
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FACIES ARCHITECTURE OF SANDSTONES BELOW THE NO. 2 COAL BED
BETWEEN STOPS 2 AND 3, JACKSON COUNTY, OHIO

David F. Dominic

This study describes and interprets the
internal geometry of sandstones below the No.
2 ("Quakertown") coal bed in the laterally
extensive new exposures along U.S. Highway
35 near Jackson, Ohio. Weathering of these
rocks brings out the detailed bedding so that
individual beds and bedsets, each composed
of one or more facies, can be identified and
traced within the sandstone bodies. The
preservation of these bedding features and
their bounding discontinuities reveals the style
of deposition and details of their environmental
setting.

The two sandstone exposures described
here underlie the No. 2 ("Quakertown") coal.
The first exposure (D1) is adjacent to the exit
ramp from the eastbound lane of U.S. Highway
35 at Ohio Route 93 (see Fig. 2.1). Here the
sandstone is approximately 10 m (30 ft) thick,
overlies a gray silty shale, and is interbedded
in its upper meter (3 ft) with a dark-gray, thinly
bedded siltstone and carbonaceous shale.
The second exposure (D2) is adjacent to the
westbound lane of U.S. Highway 35 at the
overpass of Ohio Route 788, approximately 1
km (0.6 mi) southeast of the first exposure.
The base of the sandstone at D2 is not
exposed, but its upper meter is similarly
interbedded with dark-gray siltstone and shale.
Both sandstone bodies occur at the same
stratigraphic level and are treated as the same
unit although there is a lack of continuity
between the two exposures.

Methods of study

Detailed sedimentologic measurements
were made in accessible vertical sections.
From these, lateral variations in lithofacies,
grain size, and paleocurrents were mapped on
photomosaics of the outcrops. Particular at-
tention was given to the minor erosion sur-
faces separating lithofacies bedsets. These

surfaces, bounding architectural elements
(Allen, 1983; Miall, 1985), were delineated on
line-drawing overlays of the photomosaics.
Representative detailed sedimentologic logs
are shown in Figure 2.4; portions of the
line-drawing overlays are shown for section D1
in Figure 2.5. In describing the lithofacies and
architecture of these sandstones, | use the
lithofacies classification scheme of Miall
(1978), a hierarchy of bounding surfaces from
Miall (1988), and the architectural element
classification scheme of Miall (1985).
Description

The silty shale that underlies the first
sandstone body at D1 differs from the silt-
stones of the Mississippian Logan Formation,
exposed elsewhere in the area, in its darker
color, absence of Scalarituba trace fossils, and
presence of red (ironstone) nodules and
macerated organic debris. This sandstone is
not, therefore, the basal Pennsylvanian
"Sharon" even though it contains scattered
quartz pebbles throughout its lower 2-3 m (6.6-
10 ft).

The sandstone fines upwards, from
medium-grained sandstone containing rounded
quartz pebbles to medium- and fine-grained
sandstone. More distinct changes in grain size
are seen across minor erosion surfaces, upon
which a lag can sometimes be found. Such
lags include quartz pebbles, coalified plant
fragments (coal spars), and red lithoclasts or
nodules. These minor erosion surfaces are
the third-order bounding surfaces defined by
Miall (1988). One set of third-order surfaces
with consistent ~10° dips define lateral accretion
bedding that is about 3 m (10 ft) thick. Most
third-order surfaces, however, are more nearly
horizontal with less than 2 m (6.6 ft) of relief.
They can be traced laterally for as much as
100 m (330 ft) and locally merge to create
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FIGURE 2.6. Current rose diagram for sandstone
outcrops at D1, Ohio Route 93 (top) and D2, Ohio
Route 788 (bottom) On U.S. Highway 35.

fourth-order bounding surfaces that separate
the sandstone into storeys with differing
paleoflow directions.

Bedsets between third-order bounding
surfaces are dominated by large-scale planar
cross-stratification (Sp) in sets that range from
decimeters to meters (yards) in thickness.
Large-scale trough cross-stratification (St) also
occurs but is much less common. Where
present, trough sets are generally 20-50 cm (8-
20 in.) thick and most troughs are 1-3 m (3-10
ft) wide. Other common sedimentary struc-
tures include horizontal stratification (Sh) and
small-scale trough cross-stratification (Sr).

Paleocurrents were measured from the
large-scale cross stratification throughout the
outcrops. As shown on Figure 2.4 and on the
summary rose diagram of Figure 2.6, westerly
paleocurrents predominate. The paleofiow
direction of adjacent storeys generally differs
by less than 45°. Within storeys, however, the
paleoflow direction of St sets occasionally
diverges from that of the Sp sets into which

19

meters

_FIGURE 2.7. Bedding and sedimentary structures
in sandstone. Note large-scale cross stratification
climbing a discontiuity (reactivation) surface (R) in
a larger set of cross stratification. Current directions
for these two sets diverge by 170° . Drawing was
made from a field photograph.

they are cut by as much as 90°. In several
places, reactivation surfaces within planar
foresets are associated with large-scale
cross-stratification climbing in the opposite
direction. One such example is shown in
Figure 2.7.

Interpretation

The single set of dipping third-order
bounding surfaces defines the only example of
lateral accretion. This lateral accretion can be
traced to a channel filed with coarse- to
medium-grained sandstone and is interpreted
to have formed by deposition on a
side-attached bar in a laterally migrating
channel. Because the associated elements
are sandy bedforms in laterally extensive
sheets, a deep channel within a multi-channel
stream seems more likely than a curved,
single-channel (meandering) stream. Bridge et
al. (1986) and Bridge and Gabel (1992) have
described such channels in the multi-channel
Calamus River in Nebraska. The coarse
nature of the associated channel fill suggests
low sinuosity with gradual rather than abrupt
channel abandonment (Bridge, 1985).

The large sets of planar cross-stratification
are interpreted to represent isolated dunes or
downstream-migrating bars. The fourth-order
bounding surfaces do not appear to define
downstream accreting macroforms (Miall,
1988) and are thought to separate episodes of
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deposition on sandy bedform sheets.

The unimodal paleocurrent directions sug-
gest fluvial deposition, and the low divergence
between storeys also suggests low sinuosity.
The 90° to 180° divergence of paleocurrents
within bedsets, together with the presence of
discontinuity surfaces, suggests fairly rapid
fluctuations of flow stage. Although such
fluctuations could be attributed to runoff
variations in a strictly fluvial setting, they could
also result from tidal influence in an estuarine
system. The absence of mud drapes and tidal
bundles suggests that any tidally influenced
deposition occurred no further downstream
than the tidal-fluvial transition of the inner
estuary.

Conclusions

Although unimodal northwesterly paleoflow
directions predominate, a few prominent com-
posite sets of large-scale cross-stratification
show a divergence of 90° to nearly 180°, sug-
gesting rapid fluctuations in flow strength and
direction. Lateral accretion bedding is restrict-
ed to one 3-m-thick (10-ft-thick) set, suggesting
that deposition was not the result of point-bar
deposition in curved, single-channel (mean-
dering) streams. The predominance of bed-
sets composed of planar cross-stratification
separated by laterally extensive minor erosion
surfaces suggests deposition in low-sinuosity,
multi-channel streams.
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STOP 3: SECTION ABOVE NO. 2 COAL BED NEAR JACKSON, OHIO, IN
MEASURED SECTIONS M3, M4, M5, AND M6

y
Ronald L. Martino, Charles L. Rice, and Ernie R. Slucher
(See Index Map and Fig. 2.1 for location.)

Roadcuts along U.S. Highway 35 at Ohio
Route 788 (Fig. 2.1) provide an excellent
three-dimensional view of lithofacies beginning
just below the No. 2 coal and ending at the
No. 3 or Lower Mercer coal. The lowermost
14 m (46 ft) of the section is exposed along
the south-bound exit ramp (M6). It is compos-
ed of interlaminated to thin-bedded, very fine
grained sandstone and shale representing an
estuarine channel fill. Bedding is inclined as
much as 13° (epsilon cross-bedding; compos-
ite section, Fig. 3.1) toward the northwest
(320°). Ripple cross-lamination indicates flow
toward the southwest (230°). Toward the north
end of the exit ramp, the epsilon cross-strata
grade laterally into a thin-bedded sideritic
shale plug that is indicative of channel
abandonment. Close examination of the
epsilon cross-strata shows alternating sand-
dominated and mud-dominated intervals; these
include centimeter-scale bundles of clay-
draped sand and silt laminations. These
bundies resemble those described from tidal
rhythmite facies from the Pennsylvanian of
Indiana (Fishbaugh et al., 1989) and Alabama
(Demko, 1990). One difference is that the
deposits along the exit ramp are associated
with lateral accretion rather than vertical
accretion deposits. Similar tidal bedding within
mud-filled estuarine channel facies occurs in
Cretaceous strata of Alberta, Canada
(Rahmani, 1988).

The northbound entrance ramp to U.S.
Highway 35 cuts through the shale-filled
portion of the estuarine channel. At the north
end of these exposures (M4, Fig. 2.1; 3.1), the
estuarine channel fill is capped by seat earth
and bright to semibright blocky coal as much
as 15 cm (6 in.) thick (No. 2 coal zone or its
equivalent). Detailed work has revealed that
several coals occur locally at this level and

occupy separate swale fills which are truncated
by subsequent tidal channeling. Tidal channel
facies, which are interbedded with and overlie
the coals, consist of crude, thin-bedded, sid-
eritic, very fine grained sandstone with carbon-
aceous mud partings. These deposits are
extensively burrowed and productid brachi-
opods are present locally (M5, Fig. 2.1; 3.1).

At the north end of the southbound exit
ramp, the No. 2 coal is overlain by 1.1 m (3.6
ft) of tidal creek sandstone that grades up into
shale containing micritic limestone nodules.
The shale also contains a sparse marine fauna
including orbiculoid and calcareous brachi-
opods, bivalves, and gastropods. This unit is
truncated toward the south along the exit ramp
by another tidal creek deposit whose base is
rooted.

The interval between the No. 2 and Bear
Run coal zones is occupied by dark-gray, silty
shale containing siderite nodules. Coarsening
occurs upward in this interval, and the unit
becomes a ripple cross-laminated and micro-
hummocky cross-laminated sandstone at the
top. The interval is sparsely burrowed and
contains Helminthopsis. These features sug-
gest deposition in a restricted coastal bay with
shoaling at the top.

The Bear Run coal zone overlies a light-
gray seat earth as much as 1.2 m (4 ft) thick.
It consists of an 85-cm-thick (33-in.-thick)
carbonaceous shale/bone coal and a 10-cm-
thick (4-in.-thick) coal separated by horizontally
laminated sandstone and shale.

The Bear Run and Vandusen coal zones
are separated by brackish-water siltstone and
shale containing Lingula and rare bivalves.
The Vandusen coal is as much as 25 cm (10
in.) thick and overlies a 1.8-m-thick (5.9-ft-
thick) paleosol with red and gray mottling in
the lower part.
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The Vandusen coal is truncated by the
base of the Lowellville/Poverty Run marine
unit. This unit is mostly dark-gray shale with a
23-cm-thick (9-in.-thick) bed of biomicrite in the
lower part. Marine invertebrates are abundant
and include chonetid brachiopods, crinoid
stems, bivalves, and gastropods. The marine
unit coarsens upward into very fine grained
sandstone that is capped by shale containing
plant fossils. A seat earth and 30-cm-thick
(12-in.-thick) coal (Lower Mercer) overlie the
plant-bearing shales. The Lower Mercer coal
is overlain and locally truncated by
crossbedded channel-fill sandstone that caps
the hilltop in the cuts northeast and east of the
interchange of U.S. Highway 35 and Ohio
Route 788.
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STOP 4: LOWER PART OF THE ALLEGHENY GROUP, SOUTHEASTERN OHIO

Charles L. Rice

In recent years, much of the coal mining in
south-central Ohio has been concentrated in
the lower part of the Allegheny Group as
defined in Ohio. Most, if not all, of this mining
has been by strip mines along the outcrop belt.
Modern earth-moving equipment and coal
cleaning plants have allowed efficient strip
mining of the Allegheny coal deposits, many of
which previously may have been considered
too thin or too costly for underground mining.
Mining in the area east of Jackson, Ohio,
includes as many as six coal beds in a single
strip pit. From oldest to youngest, these are
the No 4 (Newland), Ogan, Winters, No. 4A,
No. 5, and No. 6 coal beds. The base of the
No. 4 coal, commonly misidentified as the
“Brookville" coal in Ohio, is the nominal base
of the Allegheny (see Fig. 4.1). In the Jackson
area, particularly south of U.S. Highway 50,
the Allegheny section contains a limestone
bed as much as 3 m (10 ft) thick. It was called
the Ferriferous limestone in the early part of
this century because of an overlying bed of
iron ore. The limestone has also been called
"Vanport" or "southern Vanport" because of the
uncertainty of its correlation with the limestone
of that name in central and northern Ohio and
the type area near Vanport, Pennsylvania.
The limestone has been renamed the Obryan
Limestone Member of the Breathitt Formation
(Rice et al., in press), which is the name used
in this report. The Obryan limestone is used
as road metal and aggregate. Because of its
high quality, the limestone may be used in
fluidized-bed furnaces being developed to
reduce sulfur dioxide emissions of coal-burning
powerplants.

This part of the Allegheny section also
contains sequences of commercial ceramic
shale and clay beds such as the Lawrence and
Oak Hill flint clay beds, associated plastic clay
beds, and the underclays of the No. 4A and

No. 5 coal beds. Ceramic companies test and
identify clay units useful for their purposes.
These are then segregated during mining of
the coal beds and are stored in large loaf-like
mounds (on the order of 50 by 15 m (164 by
50 ft)) until needed.

The Lawrence and Oak Hill flint clay beds,
as much as 0.7 and 0.9 m (2.3 and 3 ft) thick,
respectively (Stout, 1916; Stout et al., 1931),
are composed largely of well-crystallized
kaolinite. They also commonly contain a small
percentage of fine to very fine grained mineral
crystals of mostly quartz. In some localities,
as much as 75 percent of the accessory
mineral grains of these flint clays are igneous
in origin, consisting of phenocrysts of beta-
form quartz, feldspar, biotite, and zircon.
About 10 percent of the igneous grains are
euhedral. The occurrence of those minerals in
the relatively thin but wide-spread deposits
suggests that the flint clays represent altered
volcanic ash falls. However, other mineral
grains, which appear to be detrital (Rice et al.,
in press), locally are so abundant as to mask
the occurrence of the volcanic minerals. This
suggests that these deposits have been
reworked and contaminated by detrital grains
from other sources.

Although fiint clay is mostly light gray to
very light gray, the Lawrence clay bed is
commonly dark colored, and is generally a
semi-flint clay in southern Ohio. Similar thin
beds of flint clay occur locally in the shales
and underclays above and below the No. 5
and Lawrence coal beds, as well as in partings
within those coal beds (Dobrovolny et al.,
1963, Carlson, 1965). These deposits pro-
bably represent several relatively closely
spaced (time wise) volcanic eruptions from
sources probably along the eastern margin of
the continent. Although the deposits are dis-
continuous and in many places are channeled




































































































































